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EARSHOOT DEVELOPMENT OF CORN
YIELD
OF CORN GRAIN PER ACRE is determined by the
number of plants and by the number and size of ears
(pistillate inflorescences with grain) per plant. One or
more of the six to eight earshoots pistillate inflores-
cences with no grain usually develop into ears, depend-
ing upon the hybrid, rate of planting, and cultural
conditions (soil fertility, water, light, temperature, and
so on) . Earshoots that are normally capable of producing
grain are called "functional"; those normally incapable
of producing grain are called "nonfunctional."
In searching for methods of further increasing grain
yields, the following factors that affect the number and
size of ears per plant were investigated : rate of planting,
earshoot coverage and removal, simultaneous and dif-
ferent times of pollination of earshoots, amount of sun-
light reaching the plants, and chemical treatment of sev-
eral parts of the plants.
VEGETATIVE BUD DEVELOPMENT
Morphological studies of the development of floral
structures of corn plants have been published by Martin
and Hershey (1934), Sharman (1942), Bonnett (1948,
1953), and Kiesselbach (1949). Generally, each of the
lower eight or so nodes of the corn plant has an axillary
vegetative bud that is initiated acropetally (from the base
of the plant upward) and transformed into an earshoot
basipetally (from the top bud downward) at intervals of
about one-half to four days. The earshoots develop into
one or more functional earshoots always basipetally (Sass
and LoefTel, 1959; Sass, 1960 and 1962; Siemer, 1964:
Siemer et al., 1969). The yield of grain per plant is not
limited by lack of potential ears but by failure of one or
more of the earshoots to develop into sizable ears.
It is not known why the axillary buds usually stop
forming at the eighth node from the base of the plant
rather than at the top node, but the explanation seems
to be closely associated with the initial elongation of the
apex of the main stalk and with tassel differentiation
(Bonnett, 1948; Leng, 1951). This observation is
strengthened by data in Table 1 and by the plants illus-
trated in Figure 1. Applying gibberellic acid and
Tween-20 (polyoxyethylene-sorbitan-monolaurate, a wet-
ting agent) to plants before normal elongation of the
stem apex occurred caused the plants to stop forming
axillary buds.
1
Presumably, gibberellic acid initiated
elongation of the stem apex sooner than normal, causing
vegetative buds to stop forming in the axils of leaves that
subsequently developed. As a result, ears developed on
treated plants from lower axillary buds than on untreated
plants. There was no sign of vegetative bud development
in the axils of the leaves above the bud that developed
into the first (top) ear. Further experiments with growth-
regulating substances are described in the appendix.
1
All experiments described in this bulletin were conducted in
fertile soil on the Agronomy South Farm of the University of
Illinois at Urbana-Champaign.
It should be pointed out that, although the literature
indicates the presence of an axillary vegetative bud at
each of the lower eight or so nodes of the corn plant,
extensive field work with L317 x R4 disclosed that many
plants did not produce a vegetative bud in the axil of
each of the lower leaves. At such points, consequently,
there was no earshoot development and no groove in the
corresponding internode (Fig. 2). Occasionally, more-
over, the first (top) axillary bud produced only the
prophyll, which appeared to be the beginning of a func-
tional earshoot; in these few cases the first ear developed
from the second axillary bud rather than from the first
axillary bud. Figure 3 shows corn plants with prophylls
at the first node above the top ear. Their origin and
structure have been reported by Kiesselbach (1949),
Anderson (1950), Bonnett (1953), Collins (1963), and
Sass and Loeffel (1959).
SHANK EARS
Each node of the shank (connecting tissue between
stalk and ear) has a vegetative bud identical to the buds
in the axils of lower leaves of the main plant. Some
hybrids, including WF9 x Hy2, have a greater tendency
than other hybrids to develop sizable earshoots from
axillary buds of the first and second shanks (Fig. 4).
Usually, in order for the plant to produce sizable ears
on the shank, the first earshoot has to be removed, cov-
ered, or partially damaged around silking time. Initiation
of axillary buds and the development of earshoots on
shanks have also been reported by Freeman (1940).
PATTERN OF EARSHOOT
DEVELOPMENT
The basipetal pattern of earshoot development (Fig. 2
and 5) and the production of grain by the upper non-
functional earshoots when functional earshoots are re-
moved (see pages 11-22) suggest that growth-promoting
substances are synthesized in the upper part of the plant
(probably in the leaves) and move down the stalk into
the earshoots. The first earshoot is seemingly in the most
favorable position to receive growth-promoting substances
if the plants possess no mechanism for distributing these
substances to the lower earshoots. The basipetal pattern
is emphasized by the decrease in grain yield per ear from
the top ear downward, as reflected in the data for check
plants reported in this publication and in results reported
by Krantz and Chandler (1954), Bauman (I960), and
Collins and Russell (1965).
The pattern of earshoot development of corn plants is
apparently similar to fruit set in the inflorescence of
tomato plants, about which Gustafson (1946) stated,
"Flower buds formed first in an inflorescence of the
tomato plant have more hormone and are more likely
to set fruit than those formed later. The second, third,
and fourth flower set have progressively less hormone
and less chance of setting fruit."
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Figure 1. Effects of a combination of gibberellic acid and Tween-20 (polyoxyethylene-sorbitan-monolaurate) on the height
at which ears are produced on corn plants. Dates given are dates of application.
No. I 1956
Figure 2. Pattern of
earshoot development.
Upper arrow indicates
absence of axillary bud
at node on the plant at
right.
Figure 3. Three plants at right show prophylls at first node
above top ear. The plant at the left is the normal check.
The two plants at far right have had the two upper ear-
shoots removed.
EARSHOOT DEVELOPMENT OF CORN
Figure 4. The plant on the left shows fully developed ear-
shoots on the shank of the first ear. The other plants show
shank ears formed after the primary earshoots had been
removed or covered before silking.
The developmental patterns of earshoots of WF9 x
C103 (one ear per plant) and LSI 7 x R4 (two ears per
plant) are shown in Figure 5 (Inselberg, 1956). The
seeds were planted May 21, 1954, and thinned to one
plant per 40" by 40" on June 28. By July 19 (59 days
after planting) , all of the above-ground axillary vege-
tative buds had been transformed into visible earshoots.
From this time until the plants reached full size, the two
upper earshoots of both hybrids developed at a much
faster rate than the lower ones. Moreover, the two upper
earshoots of the two-ear hybrid developed more nearly
at the same rate than those of the single-ear hybrid.
At this low rate of planting, the lower nonfunctional
earshoots of both hybrids ranged from very small with no
silks showing to silks about the size of the functional ones.
The second earshoots of plants of WF9xC103 and the
third and occasionally the fourth earshoots of plants of
L317xR4 produced silks but seldom produced grain.
However, the lower nonfunctional earshoots of these and
other hybrids were maintained in a potentially functional
condition until about eight days after silking of the first
earshoot (see pages 16-20 and Figs. 11-13).
Quantitative studies of the rate of development of
upper earshoots of several single-cross corn hybrids dur-
ing the two-week period before silking of the top earshoot
No. 2 WF9XCI03 1954 1954
Figure 5. Developmental pattern of earshoots from plants of WF9 x C103 and L317 x R4; the top earshoot is at the right
end of each row. Asterisks designate approximate silking date of top earshoot.
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have been reported by Collins (1963) and by Collins
and Russell (1965). Data on earshoot development of
corn have also been presented by Freeman (1940), Kies-
selbach (1949), Sass and Loeffel (1959), Sass (1960),
and Hanway (1966). These findings are in general
agreement with the developmental pattern of earshoots of
one- and two-ear hybrids that is presented in Figure 5.
Under conditions of low fertility or at a high rate of
planting, some plants of most hybrids fail to produce
even one ear (Fig. 6) . Normally, earshoots that become
functional do so before silk emergence (Kiesselbach,
1922). Sass and Loeffel (1959) state that the failure of
plants to produce ears (barrenness) "is the result of fail-
ure of silk emergence during the pollen-shedding period,
rather than the failure of formation of floral organs."
However, first earshoots that silk as much as 10 days
later than the check plants, 3 or 4 days after the pollen-
shedding period, may be functional (Figure 17, page 23,
shows the results of hand-pollinating first earshoots that
silked late because of shading) .
Data presented by Siemer (1964) and by Siemer et al.
(1969) show that several inbreds and hybrids differ con-
siderably in the number of days between initiation of the
first and second earshoots and of the first and third ear-
shoots. Average time between initiation of first and sec-
ond earshoots of inbreds ranged from days for M14
to 4.7 days for C103; for hybrids the interval ranged
from 0.4 days for B14 x Oh43 to 2.5 for Hy2 x C103.
Unfortunately, Siemer (1964) did not record the num-
ber of ears per plant in 1962, and the data for 1963 were
insufficient to show whether the time between initiation
of the first and lower earshoots on each plant correlated
with the pattern of earshoot development and the num-
ber of ears per plant. It would be desirable, therefore, to
determine the interval of time between initiation of the
first and lower earshoots and the number of ears per
plant for inbreds and corresponding hybrids when grown
one plant per hill at 4,000, 8,000, 12,000, 16,000, and
20,000 plants per acre. This would help determine how
rate of planting, genetics, and cultural conditions (soil
fertility, water, light, and so forth) interact to affect the
interval of time between initiation of the first and the
lower earshoots. It would also help explain the relation-
ship between that interval of time, the pattern of earshoot
development, and the number of ears per plant.
EFFECTS OF RATE OF PLANTING
The effect of three rates of planting on the number
of ears per plant of hybrid L317 x R4 are reported in
Table 2. Figure 6 illustrates the effect of rate of planting
on the number and size of ears per plant for Hy2 x Oh7
and WF9xC103. Similar results, which also show the
large influence of rate of planting, have been reported by
Brown and Garrison (1923), Long (1953), Krantz and
Chandler (1954), Lang et al. (1956), Dungan et al.
( 1958) , Zuber et al. ( 1960) , Collins and Russell ( 1965) ,
Russell and Teich (1967), and Brown et al. (1970).
The data of Collins and Russell illustrate the inter-
action of rate of planting and genetics of one-ear x two-
ear hybrids and two-ear x two-ear hybrids on the number
of ears per plant. The percentages of plants with two
ears when one-ear x two-ear hybrids were grown at
8,000, 12,000, and 16,000 plants per acre were 17.5, 4.4,
and 0.6, respectively; the corresponding percentages for
two-ear x two-ear hybrids were 85.6, 39.7, and 2.8. Such
Figure 6. Effects of rate of
planting on number and size
of ears per plant. Upper num-
bers give plants per hill and
hill size; lower numbers are
plants per acre.
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Table 2. Effecf of Rate of Planting on Number of Ears per
Plant of L317 x R4, 1955
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SIMULTANEOUS POLLINATION
OF ALL SILKING EARSHOOTS
As shown in Figure 5, the two upper earshoots of the
two-ear hybrid L3 1 7 x R4 developed at more nearly the
same rate than the two upper earshoots on the single-ear
hybrid WF9xC103. Moreover, the length of time be-
tween silking of the first and second earshoots of LSI 7 x
R4 was less than for WF9 x C103. It is quite likely, there-
fore, that the first and second earshoots of L3 1 7 x R4
were pollinated at more nearly the same time than were
the first and second earshoots of WF9xC103. This
could perhaps account for the production of two ears per
plant by L31 7 x R4 and one ear per plant by WF9 x
C103. Should this supposition be correct, pollinating all
earshoots on a given plant at the same time should thus
enable all the earshoots to develop into ears.
On May 25, 1950, five hybrids were planted and grown
at the rate of one plant per 40" x 40" hill (Lyons, 1952) .
All sizable earshoots on 10 plants of each hybrid were
covered before silking. After six days of silking, all ear-
shoots with silks were uncovered and the silks were
clipped and pollinated as quickly as possible, beginning
with the lowest silking earshoot on each plant.
The results of simultaneous versus natural pollination,
given in Table 4, show that pollinating several earshoots
per plant at approximately the same time did not result
Table 4. Average Number of Ears Produced per Plant
When All Silking Earshoots Were Pollinated Naturally or
Simultaneously, J950
Natural
EARSHOOT DEVELOPMENT OF CORN 11
COVERED EARSHOOTS
In order to discover whether some nonfunctional ear-
shoots could become functional if the functional ear-
shoots were prevented from being pollinated, various
earshoots were covered before silking and the effects on
all earshoots were recorded. Figure 8 shows cobs and ears
of L317 x R4 used in these experiments, and Tables 5
and 6 present the data on all varieties so studied.
When functional earshoots were covered before silk-
ing, some of the nonfunctional earshoots developed into
ears. The specific response of the nonfunctional earshoots
depended upon hybrid, rate of planting, and seasonal
and cultural conditions. The greatest response was from
WF9 x M14 (Table 6), but the stimulation of its lower
nonfunctional earshoots was associated with the failure
of its second (nonfunctional) earshoots to develop into
functional earshoots.
Covering either the first (functional) or the second
(functional) earshoot of L317xR4 increased the grain
yield of the uncovered functional earshoot more than
covering both functional earshoots increased the average
grain yield of the third (nonfunctional) earshoot (Table
5). Apparently, the third (nonfunctional) earshoot re-
ceived stimulation only when all functional earshoots
were prevented from producing grain. Covering nonfunc-
tional earshoots had no stimulatory effect on the growth
and grain yield of functional ones. Collins and Russell
( 1 965 ) reported earshoot coverage results similar to some
of the data given here.
Covering earshoots of corn plants before silking had
no adverse influence on their normal morphological
development but did significantly prevent continued
increases in dry weight of functional earshoots of L317 x
R4, particularly when only one of the two functional ear-
shoots was covered and the other pollinated. The un-
covered pollinated earshoot, whether the first (func-
tional ) or the second ( functional ) , showed increased
grain yield, weight per 100 kernels, and weight and size
of cob, compared to the corresponding ears of the check
plants (Table 5). When pollination of the first (func-
tional) earshoot was prevented by covering, therefore,
some of the growth-promoting substances and nutrients
that were normally transported into that earshoot after
pollination were translocated into the second (func-
tional) pollinated earshoot and vice versa.
Consequently, pollination of functional earshoots has
a positive effect on translocation of growth-promoting
substances and nutrients from the plant into the ear
primarily into the grain. Pollination of nonfunctional
earshoots apparently has no effect on translocation of
growth-promoting substances or nutrients into them or
into their fertilized ovules, since neither grow.
REMOVAL OF EARSHOOTS
BEFORE SILKING
Since covering functional earshoots before silking pro-
duced a relatively slight and unpredictable stimulatory
effect on the development of the nonfunctional earshoots,
it was decided to find out what effect removal of func-
tional earshoots before silking would have on the devel-
opment of the nonfunctional earshoots. Data from this
series of experiments are presented in Tables 7, 8, and 9.
Removal of either the first (functional) or second
(functional) earshoot of L317 x R4 before silking resulted
in a greater increase in length and weight per cob and
in yield of grain and weight per 100 kernels of the other
functional ear than the corresponding ears of the check
plants had (Table 7). Moreover, removal of the first
(functional) earshoot stimulated more grain production
by the third (nonfunctional) earshoot than did removal
of the second (functional) earshoot. Removal of the first
and second (functional) earshoots stimulated grain pro-
duction by the third and some of the fourth and fifth
(nonfunctional) earshoots. Removal of the first and sec-
ond (functional) and the third (nonfunctional) ear-
shoots stimulated grain production by the fourth and
some of the fifth and sixth (nonfunctional) earshoots.
Removal of the third, fourth, and fifth (nonfunctional)
earshoots had no effect on the grain yield of the first and
second (functional) earshoots. Ears from this experiment
are shown in Figure 9.
The effect of removing certain earshoots before silking
of the first earshoots was studied for several other hybrids,
also planted in 40"x40" hills (Table 8). Removing
the first (functional) earshoot increased grain production
by the second (functional) earshoot. Removing the first
and second (functional) earshoots initiated grain produc-
tion in the third (nonfunctional) earshoots and in some
of the fourth, fifth, and sixth (nonfunctional) earshoots.
Removing certain earshoots before silking of the first
earshoot of WF9 x Ml 4, a single-ear hybrid grown at one
plant per 40" x 1 2" hill, affected the grain production
of the remaining earshoots, as shown in Table 9 and Fig-
ure 10. Removing the first (functional) earshoot stim-
ulated about as much grain production by the second
(nonfunctional) earshoot as was produced by the first
ears of the check plants. Removal of the first (functional)
and second (nonfunctional) earshoots stimulated grain
production by the third (nonfunctional) earshoot, and
removal of the first three earshoots stimulated grain pro-
duction by the fourth, fifth, and sixth (nonfunctional)
earshoots. Removal of the second and third (nonfunc-
tional) earshoots, however, had no stimulatory effect
on the grain yield of the first (functional) earshoot.
Functional earshoots are dominant over the growth of
all of the nonfunctional earshoots on a plant; however,
removing the first (functional) earshoot of one-ear hy-
brids generally releases inhibition of only the second (non-
functional) earshoot. The newly developing second ear-
shoot apparently maintains dominance over the growth
of the lower nonfunctional earshoots in a manner similar
to the way upper axillary branches of decapitated dicoty-
ledonous plants restrict the growth of lower axillary
buds (according to Thimann and Skoog, 1934, and
Mitchell, 1953).
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Table 7 . Effects on Grain Production of Earshoots of L317 x R4 When Certain Earshoots
Were Removed Before Silking of the First Earshoots, 1958 (One Plant per 40" x 40" Hill)
Earshoots removed
Check
(none) Third
Third,
fourth,
and fifth First
First
and
third Second
Second First First,
and and second,
third second and third
8/2
8/7
7
5
211
Number of plants 26 9 10 7 10 9 9
Number of plants
with silks on
First earshoots. ... 26 9 10 09 9
Second earshoots ... 26 9 10 7 10
Third earshoots. ... 9 7 09
Fourth earshoots ... 42 1
Fifth earshoots. ... 30
Average silking date of
First earshoots. . . . 7/29 7/28 7/29 ... ... 7/29 7/29
Second earshoots . . . 7/30 7/29 7/29 7/29 7/29
Third earshoots. . . . 7/31 ... ... 7/31 ... 7/31
Fourth earshoots ... ... ... 8/2 7/30 8/2
Fifth earshoots ... ... ... 8/S
Number of plants with
First ears 26 9 10 9 9
Second ears 26 9 10 7 10
Third ears 7 7
Fourth ears 3 1 1
Fifth ears 3
Average weight of
dry grain (gm.)
First ears 186 190 193 ... ... 250 262
Second ears 145 149 149 210 267
Third ears ... ... 136 ... 44
Fourth ears ... ... ... 14 13 6
Fifth ears ... ... ... 11
Average weight per
100 dry kernels (gm.)
First ears 21.1 21.6 21.6 ... ... 26.7 28.5
Second ears 18.9 20.0 18.9 23.6 28.9
Third ears ... ... 20.4 ... 24.0
Fourth ears ... ... ... 21.8 21.7 29.7
Fifth ears ... ... ... 23.0
Average weight per
dry cob (gm.)
First ears 39.6 38.8 40.5 ... ... 49.6 53.7
Second ears. ..... 29.4 28.6 30.1 43.3 53.7
Third ears ... ... 26.2 ... 8.6
Fourth ears ... ... ... 3.2 2.2 1.2 10.2 46.8
Fifth ears ... ... ... 3.2 ... ... 1.1 13.9
Average length per
dry cob (cm. )
First ears 22.7 22.6 22.7 ... ... 24.3 24.9
Second ears 19.8 20.0 20.0 22.9 25.5
Third ears ... ... 18.6 ... 9.9 ... 24.3
Fourth ears ... ... ... 10.7 15.6 12.7 18.1 24.0
Fifth ears ... ... ... 13.7 ... ... 23.2 18.4
Average diameter per
dry cob (cm. )
First ears 2.8 2.8 2.8 ... ... 2.8 2.9
Second ears 2.8 2.6 2.8 2.8 2.9
Third ears ... ... 2.7 ... 2.1 ... 2.9
Fourth ears ... ... ... 1.9 2.5 2.2 2.4 2.8
Fifth ears 2.2 1.9 2.3
7/31
8/4
8/10
9
5
1
216
45
3
28.4
22.0
29.2
48.0
29.9
29.6
a lncludes 5.0 grams for the sixth e'ar
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Table 8. Effects on Grain Production of Earshoots When Certain Earshoots Were
Removed Before Silking of the First Earshoots, 1958 (One Plant per 40" x 40" Hill)
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EARSHOOT COVERAGE VERSUS
EARSHOOT REMOVAL
Covering the first (functional) earshoot of the two-ear
hybrid LSI 7 x R4 before silking increased the grain yield
of the second (functional) earshoot from 145 grams
(on the check plants) to 264 grams but had no stimu-
latory effect on grain production by the third (nonfunc-
tional) earshoot (Table 5). Removing the first (func-
tional) earshoot of the hybrid before silking increased
the grain yield of the second (functional) earshoot from
145 to 210 grams and stimulated the production of 136
grams of grain by the third (nonfunctional) earshoot
(Table?).
Covering the second (functional) earshoot before silk-
ing increased the yield of grain of the first (functional)
earshoot from 186 grams (on the check plants) to 262
grams but did not stimulate grain production by the
third (nonfunctional) earshoot. Removing the second
(functional) earshoot before silking increased the grain
yield of the first (functional) earshoot from 186 to 250
grams and stimulated the production of 44 grams of
grain by the third (nonfunctional) earshoot and 13 grams
of grain by the fourth (nonfunctional) earshoot.
Covering one of the two functional earshoots before
silking, therefore, stimulated a greater increase in grain
yield from the other functional earshoot than did remov-
ing either of the functional earshoots. However, non-
functional earshoots were stimulated to produce grain
much more when the functional earshoots were removed
than when the functional earshoots were covered. Neither
covering nor removing nonfunctional earshoots before
silking of the functional earshoots had any stimulating
effect on the grain production of the functional earshoots
(Tables 5, 7, and 9) . Both the earshoot-covering and the
earshoot-removal experiments demonstrate the strong
dominance effect of functional earshoots over the devel-
opment of nonfunctional earshoots.
EFFECTS OF DATE OF REMOVAL
OF THE FIRST EARSHOOT
Since removing the first (functional) earshoot of the
two-ear hybrid L3 1 7 x R4 before silking resulted in the
development of the third (nonfunctional) earshoot,
the question arose as to what effect the age of the first
(functional) earshoot at the time of removal would have
on grain production of the third (nonfunctional) ear-
7"ab/e 9. Effects on Grain Production of Earshoots of WF9 x M14 When Certain Earshoots
Were Removed Before Silking of the First Earshoots, 1960 (One Plant per 40" x 12" Hill)
Earshoots Removed
Check
(none) Third Second
Second
and third First
First and
second
First, second,
and third
Number of plants 10 10
Number of plants with silks on
First earshoots 10 10 9
Second earshoots 7 4
Third earshoots
Fourth earshoots
Fifth earshoots
Average silking date of
First earshoots 7/28 7/28 7/27
Second earshoots 7/30 7/29
Third earshoots ... ...
Fourth earshoots ... ...
Fifth earshoots
Number of plants with
First ears 10 10 9
Second ears
Third ears
Fourth ears
Fifth ears
Average weight of dry grain (gm.)
First ear 235 221 221
Second ear
... ...
Third ear
Fourth ear
... ...
Fifth ear
Sixth ear.
7/28
222
9
7/28
9
229
9
7/30
198
11
11
4
7/31
0/2
11
4
138
20
9
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Figure 9. Effects of removing certain earshoots from L317 x R4 (a two-ear hybrid) before silking of the first earshoots.
shoot. To answer this question, LSI 7 x R4 seeds were
planted May 15, 1955, and grown at the rate of one plant
per 40" x 40" hill (Inselberg, 1956) . Tillers were removed
when very small. Since none of the earshoots was cov-
ered, all silks were pollinated naturally as they emerged
from the husk. First (functional) earshoots were then
removed at two-day intervals beginning July 29, which
was one day after the mean silking date of the first
earshoots.
Although no grain weights were taken, it is clear from
the data in Table 10 and from the representative ears
shown in Figure 11 that the time of removal of the
first (functional) earshoot had no apparent effect on
ear size and seed set of the second (functional) earshoot
but quite definitely affected ear size and seed set of the
third (nonfunctional) earshoot. Stimulation of the third
(nonfunctional) earshoots was greatest when first ear-
shoots were removed on July 29 and least when first
earshoots were removed between August 6 and August 14.
Table 1 1 shows the effect on grain yield of the second
(functional) and third (nonfunctional) earshoots of
L317xR4 when the first (functional) earshoot was re-
moved at different stages of development. Seeds were
planted June 1, 1957, and grown at one plant per 40" x
40" hill. Earshoots of the check plants were left uncov-
ered. The first, second, and third earshoots of the test
plants, however, were covered before silking and kept
covered until the first earshoot was removed, at which
time the second and third earshoots were uncovered, their
silks clipped, and the earshoots pollinated.
Grain yield of second (functional) earshoots was stim-
ulated when first earshoots were removed from August 2
to August 10. By August 12, however, 10 days after the
average silking date of the second earshoots, grain pro-
duction by the second earshoots was about one-fourth
that of the second earshoots of the check plants. Either
the silks had deteriorated to the point where pollination
resulted in the production of only a few kernels per ear
(Peterson, 1942), or the pollen used was of poor quality,
or most of the functional ovules had become nonfunc-
tional. (It should be noted that covering functional ear-
shoots before silking and preventing them from being
pollinated does not prevent normal development of cobs,
silks, and functional ovules.)
Third (nonfunctional) earshoots received maximum
stimulation when first (functional) earshoots were re-
moved on August 2, five days before the average silking
date of the third earshoots and one day after the average
silking date of the first earshoots. Removing the first
(functional) earshoots during the period from August 8
to August 14 stimulated little development of the third
(nonfunctional) earshoots. The lower grain yields of the
second and third ears in this experiment probably resulted
from the late planting.
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Figure 10. Effects of removing certain earshoots from
WF9 x M14 (a one-ear hybrid, grown at one plant
per 40" x 12" hill) before silking of the first ear-
shoots.
At greater rates of planting
When L317 x R4 is grown at three plants per 40" x 40"
hill, usually only the first earshoot is functional. The ef-
fects on second (nonfunctional) earshoots when first
(functional) earshoots are removed at different stages of
SHOOT REMOVED
^mmmi^
7-29i7-3l J 8-2i8-4 l8-6!8-8 8-10 8-12 8-14
No. 51 L3I7 xR4 11955
40" X 40" I i/HILL
Figure 11. Effects on the yield of grain by the second
(functional) and third (nonfunctional) earshoots when the
first (functional) earshoots were removed at different
stages of development. All earshoots were left uncovered
and pollinated naturally.
development are presented in Table 12 and Figure 12.
The earshoots of the check plants were left uncovered,
and the first and second earshoots of the other plants
were covered before silking. When the first earshoots were
removed from certain plants, the second earshoots of
these plants were uncovered and pollinated. Stimulation
of the second (nonfunctional) earshoot to produce grain
was greatest at the first date of removal, decreasing with
successive dates of removal.
When the first (functional) earshoots were removed
during the period from August 4 to August 12, the lower
part of the cobs of some second ears failed to produce
grain (Fig. 12), apparently because of poor cob and silk
development (Fig. 13). Some second cobs produced no
grain on their lower portions, even though apparently
fully developed there, whereas others were definitely
underdeveloped. In most cases the upper parts of the
Table 10. Effects of Dote of Removal of First Earshoots of L317 x R4 on
Grain Production of the Third Ears, 1955 (One Plant per 40" x 40" Hill)
Date of removal of first earshoots
Check 7/29 7/31 8/2 8/4 8/6 8/8 8/10 8/12 8/14
Number of plants 104
Silking date of
First earshoots. ..... 7/29
Second earshoots 7/29
Third earshoots 7/31
Number of plants with silks
on third earshoots3 86
Number of plants with grain
on third ears 1
Third-ear equivalent13
43
7/28
7/30
8/1
43
43
79
38
7/28
7/29
7/31
37
34
64
80
7/29
7/30
8/1
72
47
34
40
7/28
7/29
8/1
37
16
12
37
7/29
7/29
7/31
32
6
2
39
7/29
7/30
7/31
35
4
2
39
7/28
7/29
7/30
30
2
1
35
7/29
7/30
7/31
30
5
6
36
7/29
7/29
7/31
29
3
3
aAll second earshoots produced full-sized ears.
*>Third-ear equivalent is the product of the percent the length of the third ear is of the length of the
first ear of the check plants at maturity multiplied by the percent seed set of the third ear and di-
vided by 100.
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cobs were fully developed. Some of the cobs displayed
a sharp division between the lower undeveloped and the
upper developed parts.
The growth-promoting substances and other factors
that caused the upper part of the second (nonfunctional)
earshoots to develop upon removal of the first (func-
tional) earshoots must have had little effect on the devel-
opment of the lower part of some of the cobs and their
silks, although such factors may have passed through the
lower part of these cobs in reaching the upper part. Ap-
parently, the growth activity of the cells on the lower
part of these second (nonfunctional) earshoots had
become too low by August 4 to be accelerated by an in-
crease in growth-promoting substances. The cells on the
upper part of these second (nonfunctional) earshoots
had obviously not yet reached the stage of senescence or
inactivation.
Although the check plants developed no second ears at
this rate of planting, the appearance of a few fully devel-
oped second ears at the later dates of first earshoot re-
Tafa/e JJ. Effects of Date of Removal of First Earshoots of L317 x R4 on Grain
Production of the Lower Earshoots, 1957 (One Plant per 40" x 40" Hill)
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Figure 12. Effects of removing the first (functional) ear-
shoots from L317 x R4, grown at three plants per 40" x 40"
hill. All earshoots were covered before silking. When the
first earshoots were removed, the second (nonfunctional)
earshoots were uncovered and pollinated by hand.
moval indicates that small or medium-sized ears may well
have developed from the second earshoots on those plants
even if the first earshoots had not been removed.
On various hybrids
Figure 14 shows the results of stimulating grain pro-
duction on the second (nonfunctional) earshoots of
one-ear hybrids (WF9xM14, Hy2xOh41, WF9 x Hy2,
WF9xC103) by removing the first (functional) ear-
shoots three, five, and seven days after silking. Seeds were
planted May 15, 1958, and grown at one plant per 40" x
12" hill. The first and second earshoots were covered
on all plants except checks before silking. When the first
(functional) earshoots were removed, the second (non-
functional) earshoots were uncovered and allowed to
pollinate naturally. The weight of grain was not recorded.
The earliest removal of the first (functional) earshoots
from these one-ear hybrids (three days after silking)
stimulated fairly good cob and grain production by the
second (nonfunctional) earshoots. Removal of the first
(functional) earshoots five and seven days after silking
produced variable results, although smaller cobs and
much less grain were produced.
The development of the third (nonfunctional) ear-
shoot of a two-ear hybrid (L317 x R4) was studied in
terms of the relationship between the date of removing
the first (functional) earshoot, the date of silking of the
first earshoot, and the date of silking of the third ear-
shoot (Fig. 15). The seeds were planted May 15, 1955,
and grown at one plant per 40" x 40" hill. The third
(nonfunctional) earshoots had maximum growth and
seed set when the first (functional) earshoots were re-
moved one to three days before silking (based on silking
dates of first earshoots of the check plants) and one to
two days before the third (nonfunctional) earshoots
silked. The shorter the time interval between silking of
the first and third earshoot, the greater the grain produc-
tion by the third earshoot when the first earshoot is
removed.
Conclusions
These data show that the age or stage of development
of earshoots is a most important factor in the growth of
nonfunctional earshoots after functional earshoots have
been removed. Removing the first (functional) earshoot
of one-ear hybrids one to two days before silking gives
the greatest stimulation to the second (nonfunctional)
earshoot; removal about seven days after silking, how-
ever, causes very little growth and grain production by
the second (nonfunctional) earshoot.
Figure 13. Typical dif-
ferential development
of cobs and silks of
second (nonfunctional)
earshoots of L317 x R4,
grown at three plants
per 40" x 40" hill. First
(functional) earshoots
were removed August 7
and second earshoots
harvested August 12,
1957. First and second
earshoots were covered
before silking and sec-
ond earshoots were
kept covered until har-
vested.
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No. 17 WF9 * MI4 1/FT.1 1958
SHOOT, EARS
REMOVED
No. 18 WF9 XHX 2 I/FT 1958
_SHOOTJ EARS
REMOVED
No. 19 HY 2xOh4l I/FT] 1958
I" SHOOTI EARS
REMOVED
No. 21 WF9XCI03 I/ FT.' 1958
Figure 14. Effects on second (nonfunctional) earshoots of one-ear hybrids, grown at one plant per 40" x 12"
hill, when first (functional) earshoots were removed 3, 5, and 7 days after silking. Earshoots were covered be-
fore silking. When the first earshoots were removed, the second earshoots were uncovered and pollinated
naturally.
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60
% SHADE
No. 41 WF9XCI03 1956
No.8 HY 2 x Oh4l 1956
Figure 16. Effects on number and size of ears per
plant when shaded 90 percent for six days only.
Figure 17. Effects on number and size of ears per plant
when plants are shaded at various percentages from June
8 through September 28. Seeds were planted May 8 and
grown at one plant of each hybrid per hill with 265
square feet of land per hill. Each plant produced a top
earshoot that silked and was hand-pollinated. Five repli-
cations are presented for each shade condition.
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shoots four and five days, respectively, after the silking
of the first (functional) earshoots but did not cause the
second (functional) earshoots to be nonfunctional. De-
laying the silking of second earshoots of two-ear hybrids
for four or five days after the silking of the first (func-
tional) earshoots by increasing the rate of planting (Fig.
6) or by continuous shading (Fig. 17), however, did
result in nonfunctional second earshoots.
LENGTH OF TIME BETWEEN SILKING
OF EARSHOOTS
Because simultaneous pollination of all silking ear-
shoots on several single-cross hybrids did not produce any
more ears than did natural pollination (Table 4) , it was
decided to study the effect of the length of time between
silking of the first and the lower earshoots on the grain
production of the lower ones.
Data from several experiments (presented in Tables
13, 14, and 15) show that all lower earshoots that silk
usually do so within three or four days of the first ear-
shoot and, further, that most of the lower functional
earshoots and some of the upper nonfunctional earshoots
silk within two days of the first (functional) earshoot.
The interval between silking of the first and lower ear-
shoots, therefore, is not an accurate criterion for pre-
dicting the number of functional and nonfunctional
earshoots per plant; rather, the relative size of earshoots
at silking is a better indicator of their functional ability.
Silk production by ovules is somewhat independent of
earshoot size and of the functional ability of the ovules,
as shown by simultaneous pollination of all silking ear-
shoots on a plant. Consequently, proximity of silking of
two or more earshoots per plant is only one prerequisite
for multiple-ear production.
LENGTH OF TIME BETWEEN
POLLINATION OF EARSHOOTS
To determine the effect of length of time between pol-
lination of the first and second (functional) earshoots
on the grain production of each earshoot, L317xR4
seed was planted May 18, 1961, and grown at one plant
per 40" x 24" hill. First, second, and third earshoots
were covered before silking, and the third (nonfunc-
tional) earshoots were kept covered throughout the ex-
periment. The first and second earshoots had silked by
July 31, after which the following pollination treatments
were used :
1. First and second earshoots were pollinated simul-
taneously one group on August 1 , one group on Au-
gust 4, and a third group on August 7.
2. All first earshoots were pollinated on August 1 ;
some second earshoots were pollinated on August 4, the
other second earshoots on August 7.
3. All second earshoots were pollinated on August 1 ;
some first earshoots were pollinated on August 4, the
others on August 7.
Table 13. Effects of the Number of Days Between Silking
of First and Second Earshoots of WF9 x M14 on Grain
Production of Second Ears"
Days between silk-
ing of first and
second earshoots
Number of plants
Per
category
With grain on
second ears
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Table 14. Effects of Number of Days Between Silking
of First and tower Earshoofs of L317 x R4 on Grain
Production of the Lower Ears
Table 15. Effects of Number of Days Between Silking of First and
Lower Ears/loots of Various Hybrids on Gra.'n Production of the
Lower Ears
Days between silking
of first earshoots
and silking of
Number of plants
Per With grain
category on lower ears
Days between silking
of first earshoot
and silking of
Number of plants
Per
category
With grain
on lower ears
80" x 80" hills, 1955
Second earshoots
1
2
Third earshoots
1
2
3
40 " x
19
57
3
2
20
44
13
40" hills, 1955
Second earshoots
1
Third earshoots
1
2
3
37
62
5
2
12
37
27
8
18
40" x 40" hills, 1956
Second earshoots
1
2
a
Third earshoots
1
2
3
40" x 36" hills.
8
28
9
1
8
8
3
25
1958
Second earshoots
1
Third earshoots
1
2
3
4
>4b
40" x 24"
12
13
1
1
2
4
2
17
hills, 1961
Second earshoots
1
b
Third earshoots
40" x 13-1/3"
3
14
hills, 1955
Second earshoots
4
1 26
2 18
3 , 4
Third earshoots
40" x 13-1/3" hills, 1957
Second earshoots 3
1
2
3
4
>4b
Third earshoots
19
57
3
2
19
38
7
37
62
5
1
8
28
9
1
1
12
13
1
3
14
aNonfunctional at this rate of planting.bEarshoots did not silk.
2110 x 54040" x 40" hills, 1950
Second earshoots
4
1 4
2 2
Third earshoots
1 3
2 3
3 4
Fourth earshoots 3
2 9
3 9
4 9
5 9
6 9
2110 x K6440" x 40" hills, 1950
Second earshoots
3
1 6
2 1
Third earshoots3
2 1
3 5
4 2
5 2
>5b 1
W8 x L31740" x 40" hills, 1950
Second earshoots
1
1 5
2 4
Third earshoots3
2 6
3 6
4 6
>4b 4
L317 x 54040" x 40" hills, 1950
Second earshoots
5
1 3
2 2
Third earshoots3
1 1
3
,
5
>3b 4
Hy2 x Oh740" x 24" hills, 1960
Second earshoots
6
1 17
2 2
>2b 1
Hy2 x Oh740" x 13-1/3" hills, 1964
Second earshoots3
1 3
2 5
3 3
>3b 39
Hij2 x Oh4140" x 12" hills, 1961
Second earshoots3
1 1
2
,
4
>2b 17
HF9 x 010340" x 13-1/3" hills, 1964
Second earshootsa
1 1
2 2
3 1
4 1
>4b 50
6
17
2
aNonfunctional at this rate of planting.
bEarshoots did not silk.
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Table 76. Effects of Length of Time Be/ween Pollination of
the Two Functional Earshoots of L3]7 x R4 on Yield of
Grain, 1967 (74 Plants per Treatment, One Plant per 40" x
24" Hill)
Date of
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Table ?8. Dry Weights and fndo/eacef/c Acid Equiva/enfs of Earshoots of 27)0 x 540, J95I (One Plant per
40" x 40" Hill)
Earshoots
Treatment i: earsnoots covered, harvested unpollinated at silking
Dry wt./earshoot, g 5.54 5.22 2.96 0.60 0.36
IAA, mg/g dry earshoot. . . . 0.74 0.56 0.32 0.34 0.32
IAA, mg/earshoot 4.10 2.92 0.95 0.20 0.11
Treatment 2: earshoots covered, harvested unpollinated 10 days after silking
Dry wt./earshoot, g 10.35 10.26 7.00 0.31 0.60
IAA, mg/g dry earshoot. . . . 1.97 1.78 1.30 0.20 0.24
IAA, mg/earshoot 20.39 18.26 9.1 0.06 0.14
Treatment 3: earshoots pollinated simultaneously at silking, harvested 10 days later
Dry wt./earshoot, g 22.72 23.75 22.43 0.51 0.48
IAA, mg/g dry earshoot. . . . 1.82 1.89 2.08 0.24 0.18
IAA, mg/earshoot 41.35 44.89 46.65 0.12 0.09
Treatment 4: 1st and 2nd earshoots removed at silking; the others were pollinated
simultaneously, then harvested 10 days later
Dry wt./earshoot, g
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Table 19. Comparison of Colorimetric and Split-Pea (Bio-
assay) Methods of Determining Growth-Promoting Sub-
stance Content of Earshoots of 2110 x 540, 1951
Ear-
shoot
number
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Table 20. Dry Weights and Chemical Composition of Functional and Non-
functional Earshoots of 1377 x R4, 1955 (One Plant per 40" x 40" Hill)
Date
harvested
7/29
8/1
8/4
8/8
8/11
8/1
8/11
8/1
8/11
8/1
8/11
8/1
8/11
8/1
8/4
8/8
8/11
8/1
8/4
8/8
8/11
1C
1.7
6.6
20.0
39.2
62.1
1.40
0.77
0.19
0.14
44
44
36
15
36.8
30.9
21.8
11.3
46.5
46.2
27.2
20.1
Earshoot number (C = Check)
2C 3Ca 1C 2C 3Ca
Dry weight , g/earshoot
1.1 0.4 ...
5.0 2.1 4.9
14.5 2.1 18.3
35.6 2.0 46.0
56.5 4.4 54.4
1.41
0.94
Percent K
1.64
1.95
Percent Mg
0.18 0.17
0.11 0.17
1.37
0.86
0.19
0.13
Fe, microgram/g earshoot
52 43 50
48 51 45
Mn, microgram/g earshoot
~l4~~ 31 36
15 38 15
Percent reducing sugars
4275 33.5
35.8 35.8
20.5 35.4
13.9 21.9 14.4
Percent total sugars
42.8 36.2
50.3 39.7
30.2 37.7
22.6 26.1 30.2
2.6
9.3
27.8
31.8
1.49
0.90
0.17
0.13
48
53
27
19
23.3
36.3
IAA, microgram/g earshoot
63
185
225
213
50
100
204
207
0.77
0.48
0.16
0.10
0.76
0.45
0.16
0.10
62
59
41
75
Percent P
0.71
0.69
Percent Ca
0.13
0.15
33
85
238
238
0.82
0.45
0.17
0.09
Zn, microgram/g earshoot
40 52 37 45
34 30 37 26
B, microgram/g earshoot
17 17 16 18
15 15 19 15
Percent sucrose
10.0
15.9
5.8
9.4
0.3
15.2
10.2
9.3
2.9
4.1
2.4
4.5 16.9
26
40
185
231
0.67
0.57
0.13
0.11
38
32
17
17
13.5
Nitrate, microgram/g earshoot
88 93 133
36 32 258
14 299
157 217 446 12 33
aNormally nonfunctional under conditions of this experiment.
t>Made functional by removal of first earshoots at their average date of silk emergence (as determined
from check plants), July 29, 1955.
and third (nonfunctional) earshoots of the check plants
on August 1. Ten days later, the concentrations of the
elements showed a significant decrease in the first and
second (functional) earshoots, probably because of the
increase in earshoot weight. All eight elements showed
virtually no change in concentration in the third (non-
functional) earshoots. Mineral concentrations in the top
three earshoots, therefore, afforded no explanation for
the rapid growth and grain production of the first and
second (functional) earshoots when the third (nonfunc-
tional) earshoots were failing to grow and produce grain.
Removing the first (functional) earshoots July 29,
which initiated rapid growth in the third (nonfunc-
tional) earshoots, resulted in reduced concentrations of
all elements except iron and boron measured in those
third (now functional) earshoots on August 11, as com-
pared with the third (nonfunctional) earshoots of the
check plants. These lowered concentrations in the rapidly
growing third (functional) earshoots apparently retarded
the growth rate very little if at all.
On August 1, the first and second (functional) and
the third (nonfunctional) earshoots had essentially the
same nitrate level. During the 10-day sampling period,
nitrate concentration increased significantly in the third
(nonfunctional) earshoots but remained relatively low
and variable in the first and second (functional) ear-
shoots. Removing the first (functional) earshoots at silk-
ing resulted in a significantly reduced nitrate level in the
rapidly growing third (now functional) earshoots by
August 11. The failure of the third (nonfunctional) ear-
shoots on the check plants to grow and produce grain
may be related to their inability to reduce nitrates and
synthesize protein more rapidly (Noodcn and Thimann,
1963; Key, 1964; Oaks et al., 1972).
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The percent of reducing sugars in the upper three
earshoots of L317 x R4 was relatively high on all dates
sampled and was significantly higher in the third (non-
functional) earshoots than in the first and second (func-
tional) earshoots on August 8. The percent of reducing
sugars decreased significantly in the first and second
(functional) earshoots from August 1 to August 11 and
in the third (nonfunctional) earshoots from August 8
to August 1 1 . Removing the first earshoots to convert
the third earshoots into functional earshoots decreased
the concentration of reducing sugars in the third (now
functional) earshoots from 33.5 percent on August 1 to
23.3 percent on August 1 1 . During the same period, re-
ducing sugars in the third (nonfunctional) earshoots of
the check plants decreased from 33.5 percent to 21.9
percent. Milligrams of reducing sugars in the third (func-
tional) earshoots actually increased from August 1 to
August 11, though this is not immediately apparent be-
cause of the rapid increase in dry weight. Milligrams of
reducing sugars remained approximately the same in
the third (nonfunctional) earshoots during the period.
Within each group of first, second, and third earshoots
sampled on each date, the percent of sucrose was very
variable. Consequently, there was no significant differ-
ence between earshoots even though the average percent
of sucrose was considerably higher in the first and second
(functional) earshoots than in the third (nonfunctional)
earshoots. Removing first earshoots July 29 resulted in a
significantly higher concentration of sucrose in the third
(now functional) earshoots than in the third (nonfunc-
tional) earshoots of check plants on August 11.
Concentrations of IAA in the first and second (func-
tional) and third (nonfunctional) earshoots of the check
plants were similar on August 1. This level increased
rapidly in the first and second earshoots from August 1
to August 8 but remained low in the third (nonfunc-
tional) earshoots. Once again, the level of IAA in ear-
shoots around silking time was not as accurate a criterion
for differentiating between functional and nonfunctional
earshoots as was dry weight. Removing the first (func-
tional) earshoots at silking resulted in a rapid increase
in IAA concentration and dry weight of the third (now
functional) earshoots by August 11.
The relationship of weight and IAA concentration of
functional earshoots of 2110 x 540 (Table 18) and
L317 x R4 (Table 20) is similar to that of WF9 x Hy2,
as studied by Maier ( 1954) .
Avery et al. (1942), Wittwer (1943), Haagen-Smit
el al. (1946), and Hinsvark et al. (1954) have reported
a similar relationship between the concentration of IAA
and the rate of growth of immature corn kernels of func-
tional earshoots. The relationship between the concentra-
tion of IAA and rate of growth of apical and axillary buds
of dicotyledonous plants has been reported by Thimann
and Skoog (1934), Avery et al. (1936, 1937a), LeFanu
(1936), Thimann (1937), and Van Overbeek (1938).
These data show that both functional earshoots and
apical buds of dicotyledonous plants have high concen-
trations of IAA; nonfunctional earshoots and axillary
buds, on the other hand, have little or no IAA. Remov-
ing functional earshoots or apical buds at the proper time
results in similar increases in IAA and growth of some
of the upper previously nonfunctional earshoots and axil-
lary buds; until clarified, this may be interpreted as cause
and effect.
Growth of corn earshoots may be mediated by IAA,
as proposed for growth of other plants by Skoog et al.
(1942), Bonner (1949), Siegel and Galston (1953),
Nooden and Thimann (1963), Key (1964), Key and
Ingle (1964), Nitsan and Lang (1965), and Cheng
( 1 972 ) . These scientists associate growth of plant tissue
with the involvement of auxins in the synthesis of esssen-
tial nucleic acids, proteins, and enzymes. On this basis,
the failure of cobs and fertilized ovules of nonfunctional
earshoots to grow normally may be due to a deficiency
of auxins, a result of the dominance of the functional
earshoots for these growth-promoting substances.
Respiration of earshoots
First and second (functional) earshoots of L317 x R4,
planted July 1, 1957, and grown at one plant per 40"
x 40" hill, were covered before silking. The first (func-
tional) earshoots and the third (nonfunctional) ear-
shoots that showed no signs of kernel development were
harvested several times over a four-week period, begin-
ning at silking. In another set of these plants, the three
upper earshoots were covered before silking and the
first (functional) earshoots were removed at silking;
the rapidly growing third (now functional) earshoots
were harvested several times over a four-week period.
Randomly selected earshoots were brought quickly from
the field to the laboratory, and dry weight, percent pro-
tein nitrogen, and rate of respiration of fresh samples
were measured.
The first (functional) earshoots rapidly increased in
fresh and dry weight and in milligrams of protein nitro-
gen but decreased in percent water and percent protein
nitrogen (Table 21). The third (nonfunctional) ear-
shoots showed an increase in fresh and dry weight, milli-
grams of protein nitrogen to August 7, and percent
water, and showed a decrease in percent protein nitro-
gen less than that of the first earshoots. The failure of
third (nonfunctional) earshoots to grow into functional
earshoots thus appears to be due neither to a breakdown
in protein synthesis nor to a deficiency of water.
The rate of respiration per unit of protein nitrogen
throughout the sampling period was only slightly higher
for first (functional) earshoots than for third (nonfunc-
tional) earshoots of the check plants despite the great
difference in the rate of increase in dry weight and in
milligrams of protein nitrogen. The rate of respiration
of the first (functional) and the third (nonfunctional)
earshoots increased in the presence of 2,4-dinitrophenol
(DNP) ; the third earshoots' increase was greater.
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Removing the first (functional) earshoots at silking
(July 31) resulted in a rapid rise in fresh and dry weight
and in milligrams of protein nitrogen in the third (now
functional) earshoots by August 2 and 5, and a decrease
in percent water and percent protein nitrogen. There
was also a rapid rise in the rate of respiration of the
third (now functional) earshoots; adding DNP produced
little additional increase in rate of respiration. It ap-
pears unlikely, therefore, under the conditions of this
experiment, that the failure of the third (nonfunctional)
earshoots to develop normally into functional earshoots
is due to a deficiency of respiratory materials.
THEORY OF EARSHOOT
DEVELOPMENT
The mechanism that controls the pattern of earshoot
development and the number of ears per plant initiates
and supports the growth of all earshoots basipetally to
a potentially functional stage, whereupon one or more
of the earshoots continue to develop basipetally into
functional earshoots. The number depends on interaction
of hybrid, planting rate, and cultural conditions.
Based on data presented in this publication and on
the data of Freeman (1940), Sass and Loeffel (1959),
Sass (1960, 1962), Collins (1963), Collins and Russell
( 1965) , and particularly Siemer ( 1964) and Siemer et al.
(1969), a working theory for such a mechanism is pro-
posed as follows: The number of functional earshoots
(ears) per plant of all hybrids depends upon genetic
programing of the interval of time between initiation
of the first and the lower earshoots per plant, as influ-
enced by rate of planting and cultural conditions. Exis-
tence of this time interval permits establishment of dif-
ferential rates of polar transport of growth-promoting
substances and nutrients into the earshoots. These
growth-promoting substances and nutrients regulate the
rate and pattern of earshoot development and the num-
ber of functional earshoots per plant. The volume of
polar transport of growth-promoting substances and nu-
trients increases into the earlier-initiated earshoots, which
grow rapidly and become functional. The later-initiated
earshoots receive a decreased amount of such substances
and remain nonfunctional, although some grow to the
silking stage.
Accordingly, there should be less time between initia-
tion of the first and the second earshoots of a two-ear
hybrid than between the first and the third earshoots;
also, the first and second earshoots should presumably
develop at about the same rate and faster than the
third earshoot. Similarly, there should be a longer inter-
val between initiation of the first and the second ear-
shoots of a one-ear hybrid than between the first and
the second earshoots of a two-ear hybrid.
Table 21. Weight, Protein Nitrogen, and Respiration of First and
Third Earshoots of L317 x R4, 1957 (One Plant per 40" x 40" Hill)
Date
harvested
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Rate of planting and cultural conditions apparently
would influence the pattern of earshoot development and
the number of ears per plant by influencing the interval
between initiation of earshoots. Otherwise, at different
rates of planting and under different cultural conditions,
multiple-ear hybrids would still produce the same num-
ber of ears per plant, and only the size of the ears would
be affected.
It is unlikely that the number of ears per plant is the
result of genetic control of the quantity or kind of
growth-promoting substances synthesized by each plant
or each earshoot or the result of morphological differ-
ences in the vascular system from the stalk to the ear-
shoots (Gardner, 1925; Snow, 1925; Martin and Her-
shey, 1934; Moreland, 1934). As Van Overbeek (1938)
and Gregory and Veale (1957) point out, however, the
failure of axillary buds of pea plants to grow may be due
to high concentrations of auxin in the stems; this may
prevent normal development and use of the provascular
strands that connect the buds to the main bundles of
the stele, thus depriving the buds of adequate nutrients.
Decapitation of pea seedlings results in a decrease in
auxin concentration in the stems, an enlargement of the
vascular system from the stem to the axillary buds, and
an increase in auxin content of axillary buds before the
buds start growing rapidly.
Corn also appears to show a lag in the rate of growth
of third (nonfunctional) earshoots upon removal of first
(functional) earshoots, as compared to the rate of growth
of the functional earshoots of the check plants (Table
20) . This seems to indicate that, like peas, enlargement
of the vascular system of the third (nonfunctional) ear-
shoots and an increase in growth-promoting substances
are required before rapid growth can occur.
Three basic questions on earshoot development remain
unanswered :
1. How many days are required for ovules on the first
earshoot to become functional after they are initiated?
2. What are the differences between functional and
nonfunctional ovules?
3. How does removal qf the first (functional) earshoot
before silking to a few days after silking mediate the
conversion of nonfunctional ovules of lower earshoots
into functional ovules?
Further research is needed on all three topics, but a
possible explanation for the third can be proposed in
terms of the dominance of functional earshoots over
nonfunctional earshoots.
Dominance of functional earshoots
over nonfunctional earshoots
When functional earshoots are removed from corn
plants during a period from before silking of the top ear-
shoot to a few days after, growth and grain production
are stimulated in one or more of the nonfunctional ear-
shoots. This phenomenon is interpreted as a "dominance
effect" of the upper functional earshoots over the devel-
opment of the lower nonfunctional earshoots, similar to
the "dominance effect" of the apex of dicotyledonous
plants over the development of the axillary buds. Inhibi-
tion of growth of lower axillary earshoots and of axillary
buds of dicotyledonous plants increases basipetally in rela-
tion to their distance from the functional earshoot or
from the apex (Harvey, 1920; Snow, 1925 and 1937;
Thimann and Skoog, 1933 and 1934; Skoog and Thi-
mann, 1934; LeFanu, 1936; Thimann, 1937; Mclntyre,
1965). These authors generally agree that dominance of
the apex over the growth of the lateral buds is mediated
directly or indirectly by auxin from the apex.
Wickson and Thimann (1958) stated, "Although it is
more than 20 years since it was shown that apical domi-
nance of dicotyledonous plants is mediated by auxin, the
method by which this is brought about remains obscure.
None of the nine or so theories [proposed to explain
apical dominance] has been definitely supported, and a
fresh approach to the problem is called for." Essentially
the same statement was made by Mclntyre (1964) after
about 30 years of investigation by many scientists into
the mechanism of apical dominance.
In corn plants, dominance of functional earshoots
over nonfunctional ones is believed to be a secondary
effect rather than a primary cause. As already mentioned,
the interval of time between initiation of the first and
the lower earshoots is believed to be the first step in
determining the number of functional and nonfunctional
earshoots per plant.
Competition by the earshoots for growth-promoting
substances and nutrients from the upper part of the plant
favors growth of the earlier initiated upper earshoots,
which become functional, and promotes growth of the
later initiated lower earshoots, which remain nonfunc-
tional, according to the interval of time between initia-
tion of the upper and the lower earshoots. Dominance
of functional earshoots over the growth of lower non-
functional earshoots, therefore, is believed to be due to
the "sink" provided by the functional earshoots for
growth-promoting substances and nutrients, which de-
prives the nonfunctional earshoots of these substances.
This type of dominance appears to be only "positional
dominance," which has no influence in determining the
number of nonfunctional earshoots per plant but does
have a direct influence in keeping them nonfunctional
by depriving them of growth-promoting substances.
The production of only one ear per plant by multiple-
ear hybrids at high rates of planting or under conditions
of artificial shading could also be interpreted as resulting
from increased dominance of the top functional earshoot
over development of the lower earshoots, according to
current theories on apical dominance. If this were so,
the increased dominance of the top functional earshoot
over growth of the lower earshoots at high rates of plant-
ing would be inversely related to the quantity of growth-
promoting substances produced by the plants. This is
based on the assumption that a smaller plant at high
rates of planting produces less growth-promoting sub-
stances than a large plant at low rates of planting. A
more likely explanation, however, for the apparent in-
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creased dominance of the first earshoot over growth of
the lower earshoots of multiple-ear hybrids at high rates
of planting is an increase in the interval of time between
initiation of the first and the lower earshoots. This early
growth period gives the first earshoot a superior compe-
titive position for receiving growth-promoting substances
from the plant.
Mclntyre (1964) suggested that dominance of the
apex of dicotyledonous plants over growth of lateral buds
may be related to the interval of time between initiation
of the stem apex and the lateral buds. He stated that the
earlier-initiated apex could well have sufficient initial
advantage in competing for nutrients to account for the
dominance it later achieved over lateral bud develop-
ment as the pattern of growth became established.
The increasing basipetal inhibition of growth of the
nonfunctional earshoots seems to negate the theory that
the functional earshoots inhibit the growth of the non-
functional earshoots by synthesizing and releasing auxins
down the stalks. If the auxin production theory were
correct, inhibition of the growth of nonfunctional ear-
shoots should be the same or should decrease basipetally
rather than increase basipetally, as is the case.
The mechanism by which functional earshoots main-
tain dominance over lower nonfunctional earshoots may
be similar to one of the several ways suggested for the
dominance of apical buds over the growth of lateral buds
on dicotyledonous plants. These include competition for
or mediation by the following substances:
1. Indoleacetic acid (Skoog and Thimann, 1934; Thi-
mann and Skoog, 1934; LeFanu, 1936; Snow, 1937; Van
Overbeek, 1938; Stuart, 1938; Skoog et al, 1942; Leo-
pold and Guernsey, 1953; Jacobs, 1961; Thompson and
Jacobs, 1966).
2. Gibberellic acid, kinetin, ethylene, and abscisic acid
(Wickson and Thimann, 1958; Sachs and Thimann,
1964; Jacobs and Case, 1965; Burg and Burg, 1966 and
1967; Davies et al, 1966; Scott et al., 1967; Pratt and
Goeschl, 1969; Badr et al., 1970; Wareing and Rybeck,
1970).
3. Oxidases and inhibitors (Tang and Bonner, 1947;
Newcomb, 1951; Gortner and Kent, 1953; Galston and
Dalberg, 1954; Maier, 1954; Goldsmith, 1968; Ockerse
and Waber, 1970; Basu and Tuli, 1972; Beyer, 1972).
4. Nutrients (Gardner, 1925; Snow, 1925; Moreland,
1934; Avery et al., 1936 and 1937a; Gustafson and
Houghtaling, 1939; Mitchell, 1953; Gregory and Veale,
1957; Mclntyre, 1964 and 1965) .
SUMMARY
Approximately eight of the lower nodes of the corn
plant usually have an axillary vegetative bud that is
initiated acropetally and transformed into an earshoot
in basipetal sequence. The earshoots that become func-
tional also develop basipetally on the plants always in
sequence, never mixed randomly with nonfunctional ear-
shoots. Also, the grain yield per ear of multiple-ear plants
decreases from the top ear downward.
The uppermost earshoot, the first one to be initiated,
apparently has no influence on the transformation of
lower axillary buds into earshoots or on the number of
earshoots per plant that become functional. Rather, the
number and size of ears per plant are affected by the
interaction of hybrid (genetics), rate of planting, and
cultural conditions. Similarly, the same interaction of
factors is thought to regulate the interval of time between
initiation of the first and the lower earshoots in deter-
mining the number of functional and nonfunctional ear-
shoots per plant. The number of functional and non-
functional earshoots per plant, therefore, appears to be
inherited on a quantitative rather than qualitative basis.
Upper earshoots that become functional have a direct
role in keeping lower earshoots nonfunctional by de-
priving them of growth-promoting substances. Func-
tional earshoots are dominant over the development of
the lower nonfunctional earshoots by virtue of their
earlier initiation and faster development. This domi-
nance, which increases basipetally, is believed to result
from the "sink" provided by functional earshoots for
growth-promoting substances, rather than from produc-
tion of any growth-inhibiting substances, including high
concentrations of growth-promoting substances, synthe-
sized or mediated by the functional earshoots. (A high
concentration of growth-promoting substances in the
stems of some dicotyledonous plants synthesized or medi-
ated by apical buds is one suggested mechanism for
dominance of apical buds over the growth of axillary
buds.) However, the similarity between the dominance
of functional earshoots over the growth of nonfunctional
earshoots and the dominance of apical buds over the
growth of axillary buds suggests a similar mechanism
of control.
Nonfunctional earshoots develop into potentially func-
tional earshoots, but their ability to become functional
decreases with age, as demonstrated by the effects of
removing functional earshoots at different times after
silking.
Functional earshoots of multiple-ear plants develop
at about the same rate, silking and being pollinated
within about two days of each other. Nonfunctional ear-
shoots develop at a slower rate than the functional
earshoots, and nonfunctional earshoots that do silk usu-
ally do so about two to four days later than the upper-
most functional one. Simultaneous pollination of all
silking earshoots produces no more ears per plant than
natural pollination. Earshoots that do not grow beyond
the silk stage may have their ovules fertilized but produce
little or no grain.
Pollination of the functional earshoots a few days
before pollination of nonfunctional earshoots (the result
of earlier silking) is not the cause for the failure of the
nonfunctional earshoots to produce grain. The ability of
the two functional earshoots of L317 x R4, for example,
to produce grain is not impaired by pollinating either
earshoot six days earlier than the other, although the
earshoot that is pollinated earlier produces more grain.
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Multiple-ear production requires more than proximity
of silking of earshoots on a plant.
The main differences between the first (functional)
and the third (nonfunctional) earshoots of LSI 7 x R4
10 to 28 days after silking are that the nonfunctional ear-
shoots have lower fresh and dry weights, slightly lower
respiration rates, and lower concentrations of indoleacetic
acid and sucrose, and higher concentrations of water,
nitrates, and protein nitrogen. Removing the first (func-
tional) earshoots of L317 x R4 at silking results in a
rapid increase in fresh and dry weight, rate of respira-
tion, and protein nitrogen, and a decrease in concentra-
tion of water, most minerals, and nitrates in the third
(now functional) earshoots.
Three treatments can convert upper nonfunctional
earshoots into functional earshoots :
1. Covering functional earshoots of certain hybrids
before silking to prevent pollination.
2. Removing functional earshoots during the days
just before silking to a few days after silking.
3. Shading plants 90 percent for six days just before
silking.
Covering either of the two functional earshoots of
L317 x R4 before silking stimulates an increase in grain
yield by the other functional earshoot to a greater extent
than removing either earshoot. Covering a functional
earshoot does not stimulate grain production by the
third (usually nonfunctional) earshoot nearly as much
as removing either functional earshoot. Covering or
removing nonfunctional earshoots before silking of the
functional earshoots has no stimulatory effect on grain
production of the functional earshoots.
The small and inconsistent stimulation to nonfunc-
tional earshoots when functional earshoots are covered
before silking probably results from reducing the size of
the "sink" the functional earshoots provide for growth-
promoting substances and nutrients. Conversely, the large
and consistent stimulation received by nonfunctional
earshoots when functional earshoots are removed before
silking to a few days after silking apparently results from
removing the "sink" for growth-promoting substances
and nutrients.
Maximum stimulation of the uppermost nonfunctional
earshoots to grow and to produce grain occurs when the
functional earshoots are removed one to three days be-
fore their silking and one to two days before silking
of the uppermost nonfunctional earshoots. Maximum
stimulation of all nonfunctional earshoots to produce
grain occurs when the functional earshoots and the
uppermost nonfunctional earshoots are removed shortly
before silking of the first functional earshoot. There is
little or no stimulation of nonfunctional earshoots when
the functional earshoots are removed about eight days
after silking.
Rapidly growing pollinated and unpollinated func-
tional earshoots have essentially the same concentration
of indoleacetic acid 10 days after pollination, but only
the pollinated earshoots contain a growth-promoting
substance that is physiologically active in the split-pea
curvature test, presumably in the developing kernels.
Apparently, cobs and kernels require different growth-
promoting substances for their development. Pollinated
nonfunctional earshoots show no activity in the split-pea
curvature test and do not fulfill the growth requirements
of kernel development.
The mechanism that controls earshoot development in
corn allows all earshoots to grow to a potentially func-
tional stage, whereupon one or more of the earshoots
develop basipetally into functional earshoots, the number
depending upon hybrid, rate of planting, and cultural
conditions. In such a mechanism, the number of func-
tional and nonfunctional earshoots could be controlled
by the genetic programing of the interval of time be-
tween initiation of the first and the lower earshoots, as
influenced by rate of planting and cultural conditions.
The interval of time between initiation of the first and
the lower earshoots could establish differential rates of
polar transport of growth-promoting substances and nu-
trients into the earshoots. The concentration of these
substances and nutrients would in turn regulate the rate
and pattern of earshoot development.
APPENDIX : INFLUENCE OF SYNTHETIC GROWTH-REGULATING
CHEMICALS ON EARSHOOT DEVELOPMENT
The inhibitory effect of functional earshoots on the
growth of nonfunctional earshoots appears to be analo-
gous to the inhibitory effect of the terminal bud of dicoty-
ledonous plants on the development of axillary buds
into branches. Both of these inhibitory effects seem to
involve growth-regulating compounds. To determine the
effect on the development of uncovered functional and
nonfunctional earshoots, several growth-regulating chem-
icals were applied to different parts of the corn plant
around silking time (Lyons, 1952) .
Five hybrids were planted May 16, 1951, and grown
at one plant per 40" x 40" hill. Lanolin-paste mixtures of
several growth-regulating chemicals were prepared in dif-
ferent concentrations, stored in a refrigerator, and taken
to the field packed in ice to maintain a solid state for
ease of application.
There were two sets of control plants. The first set
received only a mechanical injury, such as removing an
earshoot from a shank and cutting the internode and
shank
;
the second set received the mechanical injury plus
the proper amount of pure lanolin. The experimental
plants were treated before silking and four times there-
after at six-day intervals. Immediately after earshoot
removal, lanolin and lanolin mixtures of the various
test chemicals were applied to shank stumps, bases of the
shanks of earshoots, and stalk internodes.
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Shank stump applications
To determine whether the inhibitory effect of func-
tional earshoots could be replaced by growth-regulating
chemicals, various chemicals were applied to the top
surface of shank stumps according to the procedure pre-
viously described. At concentrations of 0.3 percent, none
of six chemicals applied to shank stumps of the first
(functional) earshoots of WF9 x Hy2 (one-ear hybrid)
inhibited development of the second (nonfunctional)
earshoots or stimulated development of lower nonfunc-
tional earshoots (Table 22) .
Two-percent mixtures of indoleacetic acid (IAA), of
a-napthalene-acetic acid (NAA), and of 2, 3, 5-triiodo-
benzoic acid (TIBA) and 3-percent mixtures of IAA and
of />-chlorophenoxyacetic acid (CPAA) were also applied
to shank stumps of the first (functional) earshoots of
WF9 x Hy2 (Table 22). These applications also had no
inhibitory effect on the development of the second (non-
functional) earshoots into functional earshoots and no
stimulatory effect on the development of lower nonfunc-
tional earshoots. Three-percent mixtures of IAA and of
CPAA, however, caused extreme stalk curvature at the
point of application. Applying 2-percent mixtures of IAA
and of TIBA to the shank stumps of both the first (func-
tional) and second (nonfunctional) earshoots reduced
the size of the third ears, and the IAA mixture in this
case stimulated grain development in some of the lower
earshoots.
Several growth-regulating chemicals were also applied
to shank stumps of 2110 x K64 and 2110 x Oh7 (two
ears per plant) and 2110 x 540 (three ears per plant)
at a concentration of 1 percent after the first (func-
tional) or the first and second (functional) earshoots
were removed (Table 23). With the possible exception
of NAA and y-phenylbutyric acid (PBA) applied to
2110 x 540, these chemicals had no inhibitory effects on
the development of the upper nonfunctional earshoots
into functional earshoots. There was little stimulation of
lower nonfunctional earshoots to develop into functional
earshoots.
It is reasonable to conclude that none of these growth-
regulating chemicals substituted for the functional ear-
shoots in inhibiting the development of the upper non-
functional earshoots. Either the concentrations of these
chemicals were incorrect; or they did not move basip-
etally through the shank and stalk to the lower ear-
shoots; or they are not, in fact, the inhibitory agents
mediated by functional earshoots in preventing growth
of the nonfunctional earshoots.
These results with IAA are similar to those of Jacobs
et al. (1959) and Davies et al. (1966), which showed
that 1
-percent IAA applied to decapitated stems of
coleus and bean plants did not replace the inhibitory
effect of the apical bud on the growth of lateral branches.
Hoffman (1953) also reported that, although CPAA in-
hibited auxin-controlled plant responses such as epinasty,
swelling of stems, negative geotropism of stems, orienta-
tion of stems to light, and rooting of cuttings, it did not
replace the inhibitory effect of the terminal bud on the
growth of axillary buds of tomato plants. On the other
hand, Skoog and Thimann (1934), Thimann and Skoog
(1934), Thimann (1937), and Link and Eggers (1946)
showed that IAA applied to decapitated stems of Vicia
faba and flax replaced the inhibitory effect of the apical
bud on the growth of axillary buds. Klein and Link
(19-48) reported that 75 ppm of 2,4-dichlorophenoxy-
acetic acid (2,4-D) applied to tips of decapitated flax
stems also inhibited axillary bud development.
Shank-base application
From the base of each shank a notch of tissue was
removed, and a lanolin-chemical mixture was applied
in the notch. To find out whether and to what extent the
growth of attached earshoots and of earshoots above and
below the treated shanks would be affected, growth-regu-
lating chemicals were applied to 2110 x K64 (two ears
per plant) and 2110 x 540 (three ears per plant), ac-
cording to the procedures previously described.
Applying 1 percent of IAA or of TIBA to the bases
of the shanks of the three functional earshoots of 2110 x
540 resulted in the development of small, deformed ears
and some stimulation of the lower nonfunctional ear-
shoots (Table 24). Treating the shanks of the upper six
earshoots of this hybrid a few days later with either
chemical did not appreciably affect the normal earshoot
pattern. Apparently, the stage of development of the
earshoots at the time of application influences the results
of this treatment. This is similar to the effects of letting
some time elapse between decapitating dicotyledonous
plants and applying auxin to the tip of the stem in in-
hibiting growth of lateral buds (Wickson and Thimann,
1958).
Applying IAA to the bases of the shanks of the fourth
and fifth (nonfunctional) earshoots neither stimulated
their development nor adversely affected the develop-
ment of the three functional earshoots.
Applying 1 -percent PBA or 2-percent TIBA to the
bases of the shanks of the three upper earshoots of 2110
x K64 (two ears per plant) had no observable effect on
earshoot development (Table 25), whereas 1 percent of
TIBA applied to the bases of the shanks of the three
functional earshoots of 2110 x 540 had severely affected
their development (Table 24). Three-percent CPPA,
however, applied to 2110 x K64 caused development of
parthenocarpic-type kernels (empty, lacking an embryo,
nonviable) on the first and second (functional) ear-
shoots and stimulated no ear development of the non-
functional earshoots (Fig. 18).
On the basis of these data it may be assumed that IAA,
TIBA, and CPAA moved acropetally through the shanks
of functional and nonfunctional earshoots, adversely
affecting the growth of some of the functional earshoots
but failing to stimulate much growth of the nonfunc-
tional earshoots. Acropetal movement of IAA through
sections of dicotyledonous plants has been confirmed by
Jacobs (1954) and Naqvi and Gordon (1965).
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Table 22. Response of
Stumps From
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Stalk internode application
Two vertical slits approximately 5 mm apart and 9
to 10 mm long were cut in the outer layer of each se-
lected stalk internode. This strip of tissue was cut loose
from underlying tissue but left intact at both ends. Lan-
Table 24. Response of 2110 x 540 (Three Ears per Plant)
to Growth-Regulating Chemicals Applied to the Bases of
Shanks of Earshoots
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Figure 18. Parthenocarpic-type kernels that de-
veloped on the first and second (functional)
earshoots of 2110 x K64 when 3-percent p-
chlorophenoxyacetic acid was applied to the
bases of the shanks of the upper three ear-
shoots on the four plants to the right.
core and about 5 cm long was inserted in the internode
as soon as the core was removed, and the upper end of
the tube was plugged with cotton. The tube was placed
in the internode above the first earshoot or below the
lowest functional earshoot as soon as the earshoots be-
came visible above the sheath. One-half ml of the chemi-
cal solution was injected from a hypodermic syringe
through the cotton plug into the tube at three-day inter-
vals for three weeks after insertion of the glass tubes.
Applying 1 -percent TIBA or IAA into stalk internodes
above or below the functional earshoots of 2110 x 540,
2110 x K64, and 2110 x Oh7 adversely affected only the
development of the third (functional) earshoots of 2110
x 540. No nonfunctional earshoots were stimulated to
develop on any of the three hybrids (Table 27).
In a variation of technique, a hypodermic syringe was
used to inject the chemical solutions through the leaf
sheath into the sheath cavity around an earshoot. Two
ml of solution were injected into each sheath cavity at
three-day intervals for three weeks, beginning with the
emergence of the earshoots above the sheath. One per-
cent of TIBA, IAA, or NAA, was injected into the sheath
cavity around the first, second, and third (functional)
earshoots of one set of plants and into the sheath cavity
around the fourth and fifth (nonfunctional) earshoots
of another set of plants of 21 10 x 540.
Triiodobenzoic acid and IAA in the sheath cavities
around the upper three functional earshoots adversely
affected development of only the third earshoots, whereas
NAA inhibited normal development of all three func-
tional earshoots and caused extreme stalk curvature. In-
jecting the three chemicals into the sheath cavity around
the fourth and fifth (nonfunctional) earshoots stimulated
no growth in these earshoots but did adversely affect
development of the third (functional) earshoots.
Gibberellic acid treatment
Spray applications of aqueous solutions of 10, 50, 100,
and 200 ppm of potassium gibberellate have been applied
to plants of WF9 x M14 and Hy2 x Oh7 at several stages
of development (Cherry et al., 1960). Heights of plants
were increased but not number of ears per plant or yield
of grain per acre.
Summary
Applying growth-regulating chemicals to various parts
of corn plants may not stimulate growth of nonfunc-
tional earshoots but can adversely affect development of
some of the functional earshoots. For example, applying
3-percent CPAA to the bases of shanks of functional
earshoots and to the stalk internodes above the top ear-
shoots produces parthenocarpic-type kernels on the func-
tional earshoots.
Data from this series of experiments show that the
hybrid, the type and concentration of growth-regulating
chemical, the stage of growth of the functional earshoots,
and the part of the plant treated are important factors
in determining the degree of response of earshoots to
these chemicals. None of the growth-regulating chemicals
tested replaced the inhibitory effect of functional ear-
shoots on the development of nonfunctional earshoots
nor stimulated development of nonfunctional earshoots.
This neither substantiates nor rules out the possibility
that the low concentration of growth-promoting sub-
stances in nonfunctional earshoots (Tables 18 and 20)
may be the primary cause of their lack of growth, how-
ever, since the correct concentration of the synthetic
growth-regulating chemicals necessary for growth may
not have been attained or, if attained, may not have been
the growth-promoting substances of earshoots.
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Table 26. Responses of Several Hybrids to Growth-Regulating Chemicals Applied to Stalk Internodes
WF9 x Hy2 (1-ear hybrid) G-94
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Table 27. Responses of Several Hybrids to Injections of Ethanol-Aqueous Solutions of Growth-Regulating Chemicals*
1-percent TIBA
42 BULLETIN NO. 747
LITERATURE CITED
Anderson, E. (1950). The corn plant of today. Pioneer Hi-
Bred Corn Company, Des Moines, Iowa.
Avery, G. S., J. Berger, and B. Shalucha (1942). Auxin con-
tent of maize kernels during ontogeny from plants of vary-
ing heterotic vigor. Amer. Jour. Bot. 29:765-772.
Avery, G. S., P. R. Burkholder, and H. B. Creighton (1936).
Plant hormones and mineral nutrition. Proc. Nat. Acad.
Sci. 22:673-678.
Avery, G. S., P. R. Burkholder, and H. B. Creighton (1937a).
Nutrient deficiencies and growth hormone concentration in
Helianthus and Nicotiana. Amer. Jour. Bot. 24:553-557.
Avery, G. S., P. R. Burkholder, and H. B. Creighton (1937b).
Growth hormone in terminal shoots of Nicotiana in rela-
tion to light. Amer. Jour. Bot. 24:666-673.
Badr, S. A., H. T. Hartmann, and G. C. Martin (1970). En-
dogenous gibberellins and inhibitors in relation to flower
induction and inflorescence development in the olive. Plant
Physiol. 46:674-679.
Basu, P. S., and V. Tuli ( 1972 ) . Auxin activity of 3-methylene-
oxindole in wheat. Plant Physiol. 50:499-502.
Bauman, L. F. (1960). Relative yields of first (apical) and
second ears of semi-prolific southern corn hybrids. Agron.
four. 52:220-222.
Berger, J., and G. S. Avery (1944a). Isolation of an auxin
( indoleacetic acid) from maize. Amer. four. Bot. 31:199-
203.
Berger, J., and G. S. Avery (1944b). Chemical and physio-
logical properties of maize auxin precursor. Amer. Jour. Bot.
31:204-208.
Beyer, E. M., Jr. (1972). Auxin transport: A new synthetic
inhibitor. Plant Physiol. 50:322-327.
Bonner, J. (1949). Relations of respiration and growth in the
A vena coleoptile. Amer. Jour. Bot. 36:429-436.
Bennett, O. T. (1948). Ear and tassel development in maize.
Missouri Botanical Garden 35 : 269-287.
Bonnett, O. T. (1953). Development morphology of the vege-
tative and floral shoots of maize. Illinois Agr. Exp. Sta.
Bui. 568.
Brown, E. B., and H. S. Garrison (1923). Influence of spacing
on productivity in single-ear and prolific types of corn.
USDABul. 1157.
Brown, R. H., E. R. Beaty, W. J. Ethredge, and D. D. Hayes
(1970). Influence of row width and plant population on
yield of two varieties of corn (Zea mays L. ). Agron. four.
62:767-770.
Burg, S. P., and E. A. Burg (1966). The interaction between
auxin and ethylene and its role in plant growth. Proc. Nat.
Acad. Sci. (U.S.A.) 55:262-269.
Burg, S. P., and E. A. Burg (1967). Inhibition of polar auxin
transport by ethylene. Plant Physiol. 42:1224-1228.
Cheng, T. Y. (1972). Induction of indoleacetic acid synthe-
tases in tobacco pith explants. Plant Physiol. 50:723-727.
Cherry, J., H. A. Lund, and E. B. Earley (1960). Effect of
gibberellic acid on growth and yield of corn. Agron. four.
52:167-170.
Collins, W. K. (1963). Development of potential ears in Corn
Belt Zea mays L. Iowa State College four. Sci. 38:187-199.
Collins, W. K., and W. A. Russell (1965). Development of the
second ear of thirty-six hybrids of Corn Belt Zea mays L.
Iowa State Univ. four. Sci. 40:35-50.
Davies, C. R., A. K. Seth, and P. E. Wareing (1966). Auxin
and kinetin interaction in apical dominance. Science 151:
468-469.
Denmead, O. T., and R. H. Shaw. (1960). The effects of
soil moisture stress at different stages of growth on the de-
velopment and yield of corn. Agron. four. 52:272-274.
Dungan, G. H., A. L. Lang, and J. W. Pendleton (1958). Corn
plant population in relation to soil productivity. Advances
in Agronomy Vol. X:435-473.
Earley, E. B. (1961). Relative maximum yield of corn. Agron.
four. 57:514-515.
Earley, E. B., W. O. Mcllrath, R. D. Seif, and R. H. Hage-
man (1967). Effects of shade applied at different stages of
plant development on corn (Zea mays L. ) production. Crop
Sci. 7:151-156.
Earley, E. B., R. J. Miller, G. L. Reichert, R. H. Hageman,
and R. D. Seif ( 1966). Effects of shade on maize production
under field conditions. Crop Sci. 6: 1-7.
Eisele, H. F. (1938). Influence of environmental factors on
the growth of the corn plant under field conditions. Iowa
Agr. Exp. Sta. Res. Bui. 229.
Freeman, W. H. (1940). The relation of size, shape, and posi-
tion of the maize ear at early stages of development to
kernel-row number. Master's thesis, University of Illinois at
Urbana-Champaign.
Galston, A. W., and L. Y. Dalberg (1954). The adaptive for-
mation and physiological significance of indoleacetic acid
oxidase. Amer. four. Bot. 41 : 373-380.
Card, L. E., G. E. McKibben, and B. A. Jones, Jr. (1961).
Moisture loss and com yields on a silt-pan soil as affected
by three levels of water supply. Proc. Soil Sci. Soc. Amer.
25:154-157.
Gardner, F. E. (1952). A study of the conductive tissue in
shoots of the Bartlett peas and the relationship of food
movement to dominance of apical buds. California Agr.
Exp. Sta. Tech. Papers, No. 20.
Goldsmith, M. H. (1968). The transport of auxin. Annual
Rev. Plant Physiol. 19:347-357.
Gordon, S. A., and R. P. Weber (1951). Colorimetric esti-
mation of indoleacetic acid. Plant Physiol. 26:192-195.
Gortner, W. A., and M. Kent (1953). Indoleacetic acid oxi-
dase and an inhibitor in pineapple tissue, four. Biol. Chem.
204:593-603.
Gregory, F. G., and J. A. Veale (1957). A reassessment of the
problem of apical dominance. Symp. Soc. Exp. Biol. 1 1 :
1-20.
Gustafson, F. G. (1946). Influence of external and internal
factors on growth hormone in green plants. Plant Physiol.
21:49-62.
Gustafson, F. G., and H. B. Houghtaling (1939). Relation
between fruit size and food supply in the tomato. Plant
Physiol. 14:321-332.
Haagen-Smit, A. J., W. B. Dandliker, S. H. Wittwer, and
A. E. Murneek (1946). Isolation of 3-indoleacetic acid from
immature com kernels. Amer. four. Bot. 33:118-120.
Hanway, J. J. (1966). How a corn plant develops. Iowa Coop.
Ext. Serv. Special Report 48, Ames, Iowa.
Harvey, E. N. (1920). An Experiment on regeneration in
plants. Amer. Naturalist 54:362-367.
Hinsvark, O. N, W. H. Houff, S. H. Wittwer, and H. M.
Sell (1954). The extraction and colorimetric estimation of
indole-3-acetic acid and its esters in developing corn kernels.
Plant Physiol. 29:107-108.
Hoffman, O. L. (1953). Inhibition of auxin effects by 2,4,6-tri-
chlorophenoxyacetic acid. Plant Physiol. 28:622-628.
Howe, O. W., and H. F. Rhoades. (1955). Irrigation practice
for corn production in relation to stage of plant develop-
ment. Proc. Soil Sci. Soc. Amer. 19:94-98.
EARSHOOT DEVELOPMENT OF CORN 43
Inselberg, E. (1954). The estimation of indoleacetic acid in
dent corn. Master's thesis, University of Illinois at Urbana-
Champaign.
Inselberg, E. (1956). Factors affecting earshoot development
in dent corn. Ph.D. thesis, University of Illinois at Urbana-
Champaign.
Jacobs, W. P. (1954). Acropetal auxin transport and xylem
regeneration a quantitative study. Amer. Naturalist 88:
327-337.
Jacobs, W. P. (1961). Auxin as a limiting factor in the differ-
entiation of plant tissue. Recent Advances in Botany, Sec-
tion 8 : 786-790, Univ. Toronto Press.
Jacobs, W. P., and B. Bullwinkel (1953). Compensatory
growth in coleus shoots. Amer. four. Bot. 40:385-392.
Jacobs, W. P., and D. B. Case (1965). Auxin transport, gib-
berellin, and apical dominance. Science 148:1729-1731.
Jacobs, W. P., J. Danielson, V. Hurst, and P. Adams (1959).
What substance normally controls a given biological process?
II. The relation of auxin to apical dominance. Develop-
mental Biol. 1:534-554.
Johnson, C. M., and A. Ulrich (1950). Determination of ni-
trate in plant material. Anal. Chem. 22:1526-1529.
Key, J. L. (1964). Ribonucleic acid and protein synthesis as
essential processes for cell elongation. Plant Physiol. 39:
365-370.
Key, J. L., and J. Ingle (1964). Requirement for the synthesis
of DNA-like RNA for growth of excised plant tissue. Proc.
Nat. Acad. Sci. 52: 1382-1388.
Kiesselbach, T. A. (1922). Corn investigations. Nebraska Agr.
Exp. Sta. Res. Bui. 20.
Kiesselbach, T. A. (1949). The structure and reproduction of
com. Nebraska Agr. Exp. Sta. Res. Bui. 161.
Klein, R. M., and G. K. K. Link (1948). Influence of 2,4-
dichlorophenoxyacetic acid on initiation and development of
hypocotyledonary buds of decapitated flax. Bot. Gaz. 109:
494-501.
Krantz, B. A., and W. V. Chandler (1954). Fertilize com for
higher yields. North Carolina Agr. Exp. Sta. Bui. 366.
Lang, A. L., W. J. Pendleton, and G. H. Dungan (1956).
Influence of population and nitrogen levels on yield and
protein and oil contents of nine corn hybrids. Agron. Jour.
48:284-289.
LeFanu, B. (1936). Auxin and correlative inhibition. New
Phytol. 35 : 205-220.
Leng, E. R. (1951). Time-relationship in tassel development
of inbred and hybrid corn. Agron. Jour. 43:445-449.
Leng, E. R. (1954). Effects of heterosis on the major com-
ponents of grain yield in corn. Agron. Jour. 46:502-506.
Leopold, A. C., and F. S. Guernsey (1953). A theory of auxin
action involving coenzyme A. Proc. Nat. Acad. Sci. 39: 1 105-
1111.
Levings, C. S. (1956). Time relationships in earshoot develop-
ment in maize. Master's thesis, University of Illinois at
Urbana-Champaign.
Link, G. K. K., and V. Eggers (1946). Effect of indole-
acetic acid upon initiation and development of hypocotyle-
donary bud primordia in flax. Bot. Gaz. 108:114-129.
Long, D. H. (1953). Nitrogen and spacing experiments with
com. Tennessee Agr. Exp. Sta. Bui. 232.
Lyons, J. C. (1952). The influence of uppermost axillary
shoots and plant growth substances on the development of
the lower axillary shoots of dent corn. Ph.D. thesis, Univer-
sity of Illinois at Urbana-Champaign.
Maier, R. H. (1954). Relationships of copper, indoleacetic
acid, and ascorbic oxidase activity in meristematic and non-
meristematic tissues of the corn plant. Ph.D. thesis, Univer-
sity of Illinois at Urbana-Champaign.
Martin, J. N., and A. L. Hershey (1934). The ontogeny of
the maize plant The early differentiation of stem and
root structures and their morphological relationships. Iowa
State College four. Sci. 9:489-502.
Mclntyre, G. I. (1964). Mechanism of apical dominance in
plants. Nature 203:1190-1191.
Mclntyre, G. I. (1965). Some effects of nitrogen supply on
the growth and development of Agropyron repens L. Beauv.
Weed Res. 5:1-12.
Mitchell, K. J. (1953). Influence of light and temperature
on the growth of rye grass (Lolium spp.). II. The control
of lateral bud development. Physiol. Plant 6:425-443.
Moreland, C. F. (1934). Factors affecting the development of
the cotyledonary buds of the common bean, Phaseolus vul-
garis. Cornell Univ. Agr. Exp. Sta. Memoir 167.
Naqvi, S. M., and S. A. Gordon (1965). Auxin transport in
flowering and vegetative shoots of Coleus blumei Benth.
Plant Physiol. 40:116-118.
Newcomb, E. H. (1951). Effect of auxin on ascorbic oxidase
activity in tobacco pith cells. Proc. Soc. Exp. Biol. and Med.
76:504-509.
Nitsan, J., and A. Lang (1965). Inhibition of cell division
and cell elongation in higher plants by inhibitors of DNA
synthesis. Developmental Biol. 12:358-376.
Noode"n, L. D., and K. V. Thimann (1963). Evidence for a
requirement for protein synthesis for auxin-induced cell
enlargement. Proc. Nat. Acad. Sci. 50:194-200.
Nunez, R., and E. Kamprath (1969). Relationships between
N response, plant population, and row width on growth and
yield of corn. Agron. Jour. 61 : 279-282.
Oaks, A., W. Wallace, and D. Stevens (1972). Synthesis and
turnover of nitrate reductase in corn roots. Plant Physiol.
50:649-654.
Ockerse, R., and J. Waber (1970). The promotion of indole-
3-acetic acid oxidation in pea buds by gibberellic acid and
treatment. Plant Physiol. 46:821-824.
Official Methods of Analysis of the Association of Official
Agricultural Chemists (1955). Munson-Walker determina-
tion of sugars, p. 545.
Pendleton, J. W., D. B. Egli, and D. B. Peters (1967). Re-
sponse of Zea mays L. to a "light rich" field environment.
Agron. Jour. 59:395-397.
Peterson, D. F. (1942). Duration of receptiveness in com silks.
Jour. Amer. Soc. Agron. 34:369-371.
Pratt, H. K., and J. D. Goeschl (1969). Physiological roles
of ethylene in plants. Annual Rev. Plant Physiol. 20:541-
584.
Robins, J. S., and C. E. Domingo (1953). Some effects of
severe soil moisture deficits at specific growth stages in corn.
Agron. Jour. 45:618-621.
Russell, W. A., and A. H. Teich (1967). Selection in Zea
mays L. by inbred line appearance and test cross perfor-
mance in low and high plant densities. Iowa Agr. and H. EC.
Exp. Stat. Res. Bui. 552. Ames, Iowa.
Sachs, T., and K. V. Thimann (1964). Release of lateral
buds from apical dominance. Nature 201:939-940.
Sass, J. E. (1960). The development of ear primordia of Zea
in relation to position on the plant. Proc. Iowa Acad. Sci.
67:82-85.
44 BULLETIN NO. 747
Sass, J. E. (1962). Development of axillary buds of the tillers
of Zea. Proc. Iowa Acad. Sci. 69: 142-147.
Sass, J. E., and F. A. Loeffel (1959). Development of axillary
buds of maize in relation to barrenness. Agron. Jour. 51:
484-486.
Schmidt, W. H., and W. L. Colville (1967). Yield and yield
components of Zea mays L. as influenced by artificially in-
duced shade. Crop Sci. 7: 137-140.
Scott, T. K., D. B. Case, and W. P. Jacobs (1967). Auxin-
gibberellin interaction in apical dominance. Plant Physiol.
42:1329-1333.
Sharman, B. C. (1942). Developmental anatomy of the shoot
of Zea mays L. Ann. Bot. (N.S.) 6:245-282.
Siegel, S. M., and A. W. Galston (1953). Experimental
coupling of indoleacetic acid to pea root protein in vivo
and in vitro. Proc. Nat. Acad. Sci. 39 : 1 1 1 1-1 1 18.
Siemer, E. G. (1964). Major developmental events in maize
their timing, correlation, and mature plant expression.
Ph.D. thesis, University of Illinois at Urbana-Champaign.
Siemer, E. G., E. R. Leng, and O. T. Bonnett (1969). Timing
and correlation of major developmental events in maize,
Zea mays L. Agron. Jour. 61 : 14-17.
Skoog, F., and K. Thimann (1934). Further experiments on
the inhibition of the development of lateral buds by growth
hormone. Proc. Nat. Acad. Sci. 20:480-485.
Skoog, F., C. L. Schneider, and P. Malan. (1942). Interaction
of auxins in growth and inhibition. Amer. Jour. Bot. 29:
568-576.
Snow, R. (1925). The correlative inhibition of axillary buds.
Ann. Bot. 39:841-859.
Snow, R. (1937). On the nature of correlative inhibition. New
Phytol. 36:283-300.
Stinson, H. T., and D. N. Moss (1960). Some effects of shade
upon corn hybrids tolerant and intolerant of dense planting.
Agron. Jour. 52:482-484.
Stuart, N. W. (1938). Nitrogen and carbohydrate metabolism
of kidney bean cuttings as affected by treatment with in-
doleacetic acid. Bot. Gaz. 100:298-311.
Tang, Y. W., and J. Bonner (1947). The enzymatic inactiva-
tion of indoleacetic acid. I. Some characteristics of the en-
zyme contained in pea seedlings. Arch. Biochem. 13:11-25.
Thimann, K. V. (1937). On the nature of inhibitions caused
by auxin. Amer. Jour. Bot. 24:407-412.
Thimann, K. V., and F. Skoog (1933). Studies on the growth
hormone of plants. III. The inhibitory action of the growth
substance on bud development. Proc. Nat. Acad. Sci. 19:
714-716.
Thimann, K. V., and F. Skoog (1934). On the inhibition of
bud development and other functions of growth substances
in Vicia faba. Proc. Roy. Soc. London (B) 114:317-339.
Thompson, N. P., and W. P. Jacobs (1966). Polarity of IAA
on sieve-tube and xylem regeneration in coleus and tomato
stems. Plant Physiol. 41 : 673-682.
Van Overbeek, J. (1938). Auxin distribution in seedlings and
its bearing on the problem of bud inhibition. Bot. Gaz.
100:133-166.
Wareing, P. E., and G. Ryback (1970). Abscisic acid: A
newly discovered growth regulating substance in plants.
Endeavour 24: 84-88.
Went, F. W., and K. V. Thimann (1937). Phytohormones.
Macmillan Co., New York.
Wickson, M., and K. V. Thimann (1958). The antagonism
of auxin and kinetin in apical dominance. Plant Physiol.
1 1 : 62-74.
Wittwer, S. H. (1943). Growth hormone production during
sexual reproduction of higher plants. Univ. of Missouri
Agr. Exp. Sta. Res. Bui. 371.
Zuber, M. S., C. O. Gordon, and O. V. Singleton (1960).
Rate-of-planting studies with prolific and single-ear corn
hybrids. Missouri Agr. Exp. Sta. Res. Bui. 737.
3.5M 6-74 27707





.
